Supplementary Material

Effective electric and magnetic currents supported by SIOM metasurface
We perform electromagnetic simulations of a 1 m × 1 m area that models the SEM image of the SIOM metasurface shown as Figure S1a . The simulations are performed using the finite-difference time-domain (FDTD) method. This allows us to find the equivalent electric and magnetic currents supported by the SIOM metasurface. The distribution of the sizes of the silver islands of the modeled structure is close to that shown in Figure 2b of the main part of the paper. The simulations take each silver island to have a cross-sectional shape that does not vary in the z-direction (normal to the substrate). This cross-sectional shape is imported directly from the SEM image. The silver islands are taken as being 14 nm thick, as discussed in the Methods section of the main part of the paper. The thickness of the SiO 2 is 50 nm and the dielectric permittivity of silver is taken from Ref. SR1 . Plane wave illumination from the air side at normal incidence with the electric field polarized along the x direction is used (inset of Figure   S1b ). Periodic boundary conditions are applied along the x-and the y-boundaries of the unit cell. Perfectly matched layers are used at the z-boundaries of the simulation region.
The simulated reflection spectrum is shown as Figure S1b along with the experimentallymeasured reflection spectrum (see also Figure 2a ). It can be seen that the position of the dip (=530 nm) of the simulated spectrum is close to that of the experimental one=525 nm). Furthermore, the depth and width of the dip of the simulated spectrum are in reasonable agreement with those of the experimentally-measured spectrum. It is not unexpected that there are some differences due to the approximations made in the simulations, e.g. truncated particles at the edges of the unit cell, periodic boundary conditions, and silver islands with cross-sectional shapes that do not vary in the zdirection.
The surface equivalence theorem SR2 is used to find the equivalent electric and magnetic current densities over the SIOM metasurface ( Figure S1a ) on an xy plane just above the tops of the silver islands:
where and are the equivalent electric and magnetic current densities at position (x, y), respectively, is the direction of surface normal, and and are the magnetic and electric fields at position (x, y), respectively. The surface equivalence theorem can be interpreted as a vector form of Huygens' Principle, with the equivalent electric and magnetic currents serving as sources that generate the fields outside the surface. To find the reflectance, we consider the far-fields in the z-direction, which can be shown to be given as follows.
where and are the electric fields generated by electric currents and magnetic currents, respectively. is the observation point. is the wave number in free space. The integrations are performed over the surface over which the magnetic and electric currents are specified. From the simulation results, we find that the x component dominates and that the y component dominates at =530 nm.
Equations (3) and (4) can therefore be simplified as follows:
where is the x component of and is the y component of . From equations (5) and (6), it can be seen that the far-fields generated by the electric and magnetic currents destructively interfere if the ratio between total electric currents and total magnetic currents is ( 377 ohm). a. SEM image of 1 m × 1 m area of SIOM metasurface that is simulated. b. Simulated and experimentally measured reflection spectra of SIOM metasurface. Inset: xy plane (6 nm above top surface of silver islands) over which equivalent currents are calculated. c.
Amplitude of x component of equivalent electric current density in xz plane which is 6 nm above top surface of silver islands. d. Amplitude of y component of equivalent electric current density in xz plane which is 6 nm above top surface of silver island.
The amplitudes of the x component of and the y component of across the 1 m × 1 m simulated area of the SIOM metasurface are plotted as Figure S1b and S1c, respectively. From the simulations, we compute and , and find that they are in a ratio of 383+1.2i ohm. This is very close to 377 ohm, and the SIOM metasurface reflectance is near zero.
Electromagnetic simulation of plasmon resonance of SIOM metasurface
Our SIOM metasurface supports electric and magnetic resonances that result in equivalent magnetic and electric currents that produce far-fields that interfere destructively and the total absorption property. In this section, these resonances are considered. To aid with our physical interpretation, we do not consider the complex structure of Figure S1a , but rather a simplified system consisting of a single silver disk formed over a silver mirror, with an SiO 2 spacer layer (50 nm thick) in between them.
The silver disk radius is taken as 29 nm, in order for its resonance to match that of the experimentally-realized SIOM metasurface. The disk thickness is taken as 14 nm thick, in order to match the value estimated for the actual SIOM metasurface, as described in the Methods section of the main part of the paper. The dielectric permittivity of silver is taken from Ref. SR1 . Plane wave illumination from the air side at normal incidence with the electric field polarized along the x direction is used ( Figure S2a) . Periodic boundary conditions are used along the x and y directions, with a unit cell size of 340 340 nm.
Perfectly matched layers are used at the z direction boundaries.
The electric field intensity monitor point is along x axis of silver disk, at 0.5 nm from its outer radius and 5 nm above top surface of the SiO 2 . The magnetic field intensity monitor point is 0.5 nm below the center of the silver disk, i.e. in the underlying SiO 2 . The locations of these monitor points are also indicated in Figure S2a . The intensities, normalized to those of the illumination, are plotted as a function of wavelength in Figure. S2b. It can be seen that the silver disk has both electric and magnetic resonances at the wavelength of =525 nm. To gain physical insight into the nature of these resonances, the normalized electric fields around the silver disk at two different times are shown as Figure S2c and S2d. The variation of electric fields in the time domain determines the directions of the induced conduction currents (as indicated by the blue arrows in Figure   S2c ) and displacement currents (as indicated by the red arrows in Figure S2c ). As shown in Figure S2c , the conduction and displacement currents form a loop. The area enclosed by the current loop generates inductance (L) and the gap between the silver disk and mirror introduces capacitance (C). The resultant LC circuit generates a magnetic resonance. When illuminated on resonance, the magnetic field within the current loop is therefore enhanced ( Figure S2e ). As we discuss further below, this facilitates near-perfect absorption. Figure S3a and Figure S3b , respectively. As expected, the effective electric currents and magnetic currents are enhanced around the silver island by the magnetic and electric resonances at =525 nm. It can be seen that the spatial distributions of the electric and magnetic currents -with the former being enhanced in the region above the disk while the latter is enhanced in a similar way, but with the addition of two lobes -are similar to those of the SIOM metasurface (circled regions of Figure S1c -d). We furthermore calculate and . These are found to be in a ratio of 381+7i ohm, which is again close to 377 ohm. The simulations therefore predict that the simplified SIOM metasurface acts as an almost perfect absorber. For comparison, we perform similar calculations on a structure that is the same, but without the silver mirror (results not shown). The ratio between the effective magnetic and electric currents at =525 nm is 139+49i ohm, which is very different from 377 ohm, meaning that perfect absorption is not achieved. To show the tunable optical absorption of SIOM with 50-nm thick SiO 2 spacer by changing the evaporation rate, we fabricate three SIOM samples using silver evaporation rates that vary from 0.2 Å/sec to 0.6 Å/sec. Following the procedure in Methods section of main part of paper, the reflection spectra of the three samples are measured and shown in Figure S4 . By changing the evaporation rate, the dip of reflection of SIOM is tuned from =525 nm to =550 nm. 
Field intensity enhancement of SIOM and silver islands on SiO 2
We next consider the field intensity enhancement produced by the SIOM substrate and by a structure identical to the SIOM substrate, but without the silver mirror. We model the same structure as that considered in part 1 of the Supplementary Material, and employ the same method and parameters. The results of simulation are shown in Figure S5 . These plot the field intensity enhancement on a plane that is half-way through the silver islands,
i.e. 7 nm above the SiO 2 surface. It is seen that the peak value (1.2×10 4 ) of the field intensity enhancement of SIOM is ~3.3 times larger than that (3.6×10 3 ) of the silver islands on SiO 2 . That the SIOM metasurface generates stronger field enhancement is consistent with the larger SERS enhancement factors we measure experimentally. Inset: SEM image at higher magnification.
